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Detection of buried objects has been of significant interest for many researchers in a variety 
of fields. The unknown dielectric profile of buried object has been determined using an 
electromagnetic (EM) inverse scattering technique.  This technique is generally developed 
in both the time-domain and the frequency-domain.  The time-domain scattering data 
contains more information and has the potential to reconstruct the dielectric properties more 
accurately compared to a single frequency scattering data.  The time-domain inverse-
scattering technique referred to as Forward-Backward Time-Stepping (FBTS) technique is 
proposed to formulate the inverse scattering technique in time-domain by utilizing Finite-
Difference Time-Domain (FDTD) method.  The FDTD method is a widely used scheme in 
approximating electromagnetic waves.  The FBTS technique utilizing the combination of 
Overset Grid Generation and Finite-Difference Time-Domain (OGG-FDTD) method is one 
of the inverse scattering techniques in time domain in which is applied to object detection 
and reconstruction.  The FBTS algorithm is implemented in C++ language executed in a 
single computing by developing the time-domain form of the OGG-FDTD method to 
reconstruct dielectric profile of unknown object.  In OGG-FDTD method a system of 
relatively simple meshes are used to reduce the geometrically complex problem to a simple 
set of grids.    The validity of the FBTS algorithm utilizing OGG-FDTD method is carried 
out for direct problem and inverse problem.  For direct problem, the results show good 
agreements are obtained with the reference signals.  For inverse problem, the proposed 
technique is able to detect the embedded object at the centre of ROI as small as 10 mm in 
radius and also capable to reconstruct small square object with size of 10 mm  × 10 mm.   
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The reconstruction results demonstrated that the FBTS technique utilizing OGG-FDTD 
method has the ability to detect and reconstructed embedded object. 
Keywords: Finite-Difference Time-Domain, Forward-Backward Time-Stepping, inverse   
scattering, Overset Grid Generation Method  
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Pengesanan objek-objek tersembunyi telah menarik minat ramai penyelidik dalam pelbagai 
bidang. Profil dielektrik untuk objek-objek yang tersembunyi ditentukan dengan 
menggunakan teknik hamburan elektromagnetik (EM). Teknik ini biasanya dibangunkan 
dalam domain masa dan domain frekuensi. Data penyebaran domain masa mengandungi 
lebih banyak maklumat dan mempunyai potensi untuk membina semula sifat dielektrik 
dengan lebih tepat berbanding dengan data serakan frekuensi tunggal. Teknik penyebaran 
songsang  dalam domain masa yang dirujuk sebagai teknik Forward-Backward Time-
Stepping (FBTS) dicadangkan untuk dirumuskan dalam domain masa.  Teknik ini 
dirumuskan  dengan menggunakan bersama kaedah Finite-Difference Time-Domain 
(FDTD). Kaedah FDTD adalah skim yang digunakan secara meluas dalam gelombang 
elektromagnet.  Teknik  FBTS menggunakan kombinasi Overset Grid Generation (OGG) 
dan Finite-Difference Time-Domain (OGG-FDTD) adalah salah satu teknik hamburan 
songsang dalam domain masa yang digunakan untuk pengesanan dan pembinaan semula 
objek. Algoritma FBTS dilaksanakan dalam bahasa C++ dijalankan dalam 
pengkomputeran tunggal untuk membangunkan teknik  OGG-FDTD dalam domain masa 
untuk membina semula profil dielektrik objek yang tidak diketahui.  Dalam kaedah OGG-
FDTD, sistem grid yang mudah digunakan untuk mengurangkan masalah geometri 
kompleks kepada satu set grid yang mudah. Kesahihan algoritma FBTS yang menggunakan 
kaedah OGG-FDTD dijalankan untuk masalah langsung dan masalah songsang’. Untuk 
masalah langsung, keputusan menunjukkan keputusan yang baik diperoleh dengan isyarat 
rujukan. Untuk masalah songsang, teknik yang dicadangkan dapat mengesan objek 
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tersembunyi di pusat ROI sekecil 10 mm dan juga mampu membina semula objek kecil 
dengan ukuran 10 mm × 10 mm. Hasil rekonstruksi menunjukkan bahawa teknik FBTS 
menggunakan kaedah OGG-FDTD mempunyai keupayaan untuk mengesan dan membina 
semula objek tersembunyi. 
 
Kata kunci: Finite-Difference Time-Domain, Forward-Backward Time-Stepping, serakan 
songsang, Overset Grid Generation Method           
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1.1  Background 
The determination of the properties of unknown objects by means of non-destructive 
techniques has attracted attention of researchers in variety of fields including military radar 
imaging [1], biomedical imaging [2], and through the wall imaging [3-4].  The complication 
of detection and reconstruction of unknown objects can be pursued by solving an 
electromagnetic (EM) inverse scattering problem [5].  The unknown objects can be derived 
from direct scattering and inverse scattering data processing techniques.  The approaches 
can be illustrated in the form of the unknown object detection as shown in Figure 1.1.  The 
electromagnetic fields are used since it has the ability to penetrate different materials to 
quantitatively estimate the dielectric properties of the unknown object [6].  In the first 
approach, the objective is only to detect the presence of the object, whereas the second 
approach aims to quantitatively estimate the dielectric properties of the object. 
The inverse scattering problem is related to microwave imaging. Microwave imaging 
is an inverse scattering technique which is used to determine the location, shape and material 
parameters of unknown objects that are scattered by the objects [7]. This technique has been 
conducted in the field of non-destructive evaluation to detect and to reconstruct the object.  
There are two ways to conduct microwave imaging; by analysis of the transmitted signals 
from the target and by analysing the scattered signals [8].  The scattered data received by the 
antennas are used to reconstruct the original geometrical features by numerically time 





Figure 1.1: The unknown object detection 
In general the inverse scattering techniques for the microwave imaging are developed 
in frequency domain and time domain [9-11].  In the frequency domain, there are several 
proposed inversion techniques for the inverse problems [12].   Most of  the microwave 
inverse scattering techniques usually used single frequency domain scattering data to 
evaluate the inverse problem [13-15].  However, frequency domain scattering data is often 
ill-posed as a result of the nonlinearity and limited measurement parameters available 
enforced by the problem geometry [16].  In contrast, the time-domain contains more 
information than those in the data of single frequency [12].  Therefore, the time-domain has 
the potential to reconstruct the dielectric properties more accurately [17].  It is important to 
investigate different approaches in time-domain to decrease the level of ill-conditioning 
inherent the inverse problem. 
The Forward Backward Time Stepping (FBTS) technique using broadband 
microwave signals is proposed to formulate the inverse scattering techniques in time-
Direct Scattering Problem Inverse Scattering Problem 
     Transmitter                                   Receiver 







domain. Its capability of providing accurate shape, location and size reconstructions by 
simply observing the behaviour of an indicator function, which is claimed to be bounded 
inside the targets and unbounded elsewhere is worth to be considered.   The technique is an 
alternative approach to microwave imaging [18].  This technique is a nonlinear inverse 
scattering computation formulated in the time-domain.  The Finite-Difference Time-Domain 
(FDTD) method is utilized in the formulation.  The FDTD method originally proposed in 
1966 by Kane Yee [19], provides a simple and efficient tool in solving Maxwell’s equations.  
The original shape can be extracted from the interference patterns by using phase 
interference with the inverse FDTD simulation using time reversal [20].  Generally, it is used 
to improve the detection and reconstruction of the objects [21-23].  The FDTD method is an 
effective method to increase the detection rates compared to a single-frequency scattering 
data because it contains more information. In recent years, many researchers had utilized the 
FDTD method for the inverse scattering technique.  However all of the above researchers 
only used a single grid FDTD profile [24-25].   
This thesis contains three parts which focuses on the different view of the research.  
The first part gives a brief overview of the proposed technique.  The second part of this thesis 
discusses the validation of the proposed technique by carried out analysis for direct problem 
with sub-gridding empty grids.  The final part of this thesis deals with the analysis of the 
proposed technique for inverse problem with a simple circular and a square object embedded 




1.2  Problem Statement 
The electromagnetic inverse scattering is well known to have both nonlinear and ill-
posed problem.  The solution is non-uniqueness and lack of stability.  The ill-posed nonlinear 
problem is converted to a well-posed nonlinear problem using a regularization process [26].  
The problem is solved as a nonlinear optimization problem using approximation methods.  
A family of nested algorithms is proposed to solve the corresponding optimization problem.  
However, nested algorithms are time-consuming since they necessitate sub-iterating.   
One method to solve inverse scattering problems is the FDTD method.  However, 
there are two major drawbacks to a classical FDTD method [27]. The first one is related to 
a situation when we have a two-scale problem occurs. This situation can be caused by a 
presence of object which is much smaller than the size of the problem. Here, the FDTD need 
to refine the computational domain globally to solve the problem.  However, this method 
will increase memory size and CPU time [28].  The second drawback is its efficiency with 
respect to curved boundaries. The method is formulated on tensor product grids.  In this 
method the staircase approximation is applied to solve a curve object.  Several sub-gridding 
techniques are extensively used to solve the problem and have been reported in the literature 
to overcome this limitation by solving the problem separately [29-30]. 
In the sub-gridding techniques the problem in the whole domain on a coarse grid is 
solved first, then part of the FDTD grid is replaced with a finer grid called the sub-grid to 
solve the sub-problem on finer grid and combine the results [31-32].  It will reduce the 
overall computational cost with such techniques.  However the fine region is restrictive by 
the Courant-Friedrichs-Lewy (CFL) stability condition [33].  In recent years, many 
